METHOD FOR EXTRACTING FINGERPRINT FEATURE DATA USING RIDGE 

ORIENTATION MODEL 

BACKGROUND OF THE INVENTION 
Priority Information 

[0001] This application claims priority under 35 U.S.C. 
§ 119 to Korean Patent Application Number 2001-053110 
filed August 31, 2001 in the Republic of Korea. 

Field of the Invention 

[0002] The present invention relates generally to a 
fingerprint recognition method, and more particularly to a 
method for extracting the ridge orientations, and core and 
delta positions of a fingerprint, by using a ridge 
orientation model with the regional ridge orientation 
information and entire ridge orientation information of a 
fingerprint image. 

Description of the Prior Art 

[0003] As well known to those skilled in the art, 
fingerprint recognition is one of security authentication 
technologies based on biological information. A 
fingerprint recognition technology is used to recognize a 
fingerprint having unique features for each person by an 
image processing method, and determine whether the 
recognized fingerprint is a registered person's. In the 
fingerprint recognition technology, the most significant 
aspect is a process of extracting the minutiae of a 
fingerprint and generating fingerprint feature data. The 
process of generating the fingerprint feature data is 
described in brief as follows. First, a fingerprint 
acquisition device reads a fingerprint and obtains a 
fingerprint image. The fingerprint image obtained by the 
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fingerprint acquisition device is divided into a plurality 
of regions. Thereafter, the orientation values of 
fingerprint ridges are extracted according to the regions, 
and then the grayscale values of the ridges are binarized 
using directional masks. Further, each ridge is thinned 
into a single line (or skeleton) , and minutiae are 
extracted from thinned ridges. In this case, erroneous 
minutiae (pseudo minutiae) are removed from the minutiae, 
and the positions and directions of the correct minutiae 
are formed into fingerprint feature data. 

[0004] Fig. la is a view showing the bifurcation and 
ending point of fingerprint minutiae, and Fig. lb is a 
fingerprint image view showing the core and delta of 
fingerprint minutiae. 

[0005] Referring to Fig. la, a bifurcation 21 and an 
ending point 22 are used as the minutiae of a fingerprint. 
The bifurcation 21 is a point where the fingerprint ridge 
is branched, and the ending point 22 is a point where the 
fingerprint ridge is terminated. Further, a core 23 and a 
delta 24 shown in Fig. lb are also used as the minutiae of 
a fingerprint. The numbers of the cores and the deltas 
are only zero, one, or two each in any one fingerprint, 
and there is no other numbers of the cores and the deltas 
in any one fingerprint. The core 23 and the delta 24 may 
be recognized with the naked eyes, and have been long used 
as the references of various fingerprint -classifying 
methods . 

[0006] Fig. 2 is a flowchart of a conventional 
fingerprint minutia extracting method. Fig. 3a is an 
example view showing eight directional masks, and Fig. 3b 
is an example view showing the application of directional 
masks to a fingerprint region. 

[0007] With reference to Fig. 2, there will be 
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described in detail a conventional fingerprint minutia 
extracting method, particularly a method for extracting 
the ending point and bifurcation of fingerprint ridges as 
minutiae. A fingerprint image is inputted through a 
fingerprint acquisition device at step 11. At step 12 of 
extracting and correcting a ridge orientation, the entire 
fingerprint image is divided into square regions, each 
with a predetermined size. An orientation having a 
smallest brightness variation in each region is designated 
as a ridge orientation in a corresponding region. In 
order to correct the ridge orientation, the orientation 
value of a corresponding region is determined by averaging 
the orientation of the corresponding region and the 
orientations of its surrounding regions. At step 13, a 
binarization process is performed using orientation 
information as follows. For each pixel P, each grayscale; 
value in a region, of which the center is the pixel P and 
the size is the same size as a directional mask, is 
multiplied by a correspondent coefficient of directional 
mask corresponding to the direction at the center point of 
the region among masks 25a to 25h (a mask 25h is used in 
Fig. 3b) . At this time, if the summation of the 
multiplied result is a positive value, the pixel P is in a 
ridge of the fingerprint and the pixel P is converted to 
w l". If it is a negative value, the pixel P is in a valley 
of the fingerprint, and the pixel P is converted to u 0". 
Fig. 4 is a view showing a thinning process, and Figs. 5a 
and 5b are views showing the principle of finding minutiae 
in a thinned image. At thinning step 14, in order to 
determine a skeleton of the ridge in the binary image 
having a constant ridge width as shown in Fig. 4, an 
outline of the ridge is converted into a valley until the 
width of the ridge becomes to u l" (in other words, when a 
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skeleton of the ridge remains only) . Finally, at the step 
15 of extracting minutia positions and its directions, 
with respect to a point at which a value is w l" in the 
thinned image, the number of regions where a transition 
between "1" and "0" in adjacent arbitrary two points among 
the neighboring eight points appears is counted (a 
boundary of regions represented with dotted lines in Figs. 
5a and 5b) . When the counted numbers are 2, 4, 6, and 8, 
respectively, the center points corresponding to the 
counted numbers are respectively classified into an ending 
point, a ridge , a bifurcation, and a cross point. Fig. 
5a shows an ending point having a ridge direction from the 
left to the right, and Fig. 5b shows a bifurcation having 
a ridge direction from the left to the right . Finally, the 
ending and the bifurcation are used as the most important 
feature for distinguishing the fingerprints from one 
other . 

[0008] The accuracy of the conventional method is 
relatively high. However, the conventional method for 
extracting the ridge orientation is disadvantageous in 
that it extracts the ridge orientation according to 
regions divided in the fingerprint image and it determines 
representative orientations according to regions, such 
that a fine variation of a orientation in a region cannot 
be exactly represented. Further, under the provision that 
the ridge orientation is not rapidly changed, the 
conventional method evaluates the average of ridge 
orientations of neighboring regions around each region, 
and corrects a orientation value using the average. 
However, such a provision cannot be adapted to regions 
near a core or a delta where the ridge is rapidly changed 
in orientation. Moreover, the orientation of a region 
with a tiny wound or a wrinkle on a fingerprint can be 
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corrected by predicting a ridge orientation from the ridge 
orientations of neighboring regions. However, if the 
wounded part is large, it is impossible to find an exact 
ridge orientation. Such problems are due to a fact that 
the extraction and correction of the ridge orientation are 
only based on local image information. 

[0009] Further, a conventional core and delta 
extracting method calculates positions of the core and the 
delta by detecting a directional variation in local 
regions. Therefore, such a method is disadvantageous in 
that it cannot extract the exact positions of the core or 
the delta, or cannot find the exact position at all, in a 
fingerprint image with a wound near the core or the delta. 
In addition, the conventional method is also 
disadvantageous in that it calculates the positions of the 
core and the delta using the orientation values mainly 
calculated according to regions, such that accuracy of the 
positions depends on a size of a region for calculating 
the orientations. 

[0010] As described above, the conventional computer- 
aided method for extracting the ridge orientation and the 
core and delta positions has the basic limitation for lack 
of the information about entire ridge flow. As an example, 
a fingerprint expert knows a variety of types of 
fingerprints. Even if some regions of the fingerprint are 
damaged, the fingerprint expert can recognize an entire 
ridge flow from ridge orientations in undamaged regions of 
the fingerprint. Thereby, the expert can find a precise 
ridge orientation of the damaged region, and extract the 
precise positions of the core and delta, even if the 
regions near the core and the delta are damaged. 
[0011] Therefore, in order to solve the above problems 
in the conventional computer-aided algorithm, there is 
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required a method for extracting minutiae in consideration 
of the entire shape (flow) of the fingerprint as well as 
its local region. 

SUMMARY OF THE INVENTION 

[0012] Accordingly, the present invention has been made 
keeping in mind the above problems occurring in the prior 
art, and an object of the present invention is to provide 
to a method for extracting the ridge orientations and core 
and delta positions of a fingerprint using a ridge 
orientation model with the regional ridge orientation 
information and entire ridge orientation information of a 
fingerprint image. 

[0013] In order to accomplish the above object, the 
present invention provides a method for extracting 
fingerprint feature data using a ridge orientation model, 
comprising the steps of scanning a fingerprint of a person 
requiring a fingerprint recognition with a fingerprint 
input device, and converting the fingerprint into a 
digital fingerprint image of predetermined format; 
dividing the digital fingerprint image into a plurality of 
regions, each with a predetermined size, and calculating 
ridge orientations in the regions; calculating qualities 
of ridges according to regions and separating the 
fingerprint image into a fingerprint region and a 
background region according to the calculated ridge 
qualities; evaluating and extracting positions of a core 
and a delta or regions with a core or delta in the 
fingerprint region; determining the candidate positions of 
the core and the delta within and outside the fingerprint 
region from the extracted positions of the cores and 
deltas in the previous step, and setting the determined 
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candidate positions as initial parameters of an initial 
ridge orientation model for the core and delta; 
calculating a ridge orientation function by calculating 
parameters with a minimum error between ridge orientation 
values of the initial ridge orientation model and ridge 
orientation values of regions with quality higher than a 
threshold; and calculating ridge orientation values in all 
regions using the ridge orientation function, and deciding 
and extracting the positions of the core and the delta 
from the parameters for core and delta of the ridge 
orientation function. 

[0014] According to the present invention, the method 
sets a model for representing entire feature data 
contained in a ridge flow of a fingerprint, and obtains a 
ridge orientation function by selectively utilizing 
information extracted from divided regions according to 
the model. Therefore, the exact orientations of the 
fingerprint ridges at all positions and exact positions of 
cores and deltas can be found. Further, the ridge 
orientations of the entire fingerprint image are 
represented as a few parameters constituting the ridge 
orientation function, thus enabling ridge orientation 
information to be compressed. Accordingly, the ridge 
orientations of the entire fingerprint image may be used 
as feature data in the process of fingerprint 
classification or fingerprint recognition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The above and other objects, features and other 
advantages of the present invention will be more clearly 
understood from the following detailed description taken 
in conjunction with the accompanying drawings, in which: 
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[0016] Fig. la is a view showing a bifurcation and an 
ending point of fingerprint minutiae; 

[0017] Fig. lb is a fingerprint image view showing a 
core and a delta of fingerprint minutiae; 

[0018] Fig. 2 is a flowchart of a conventional method 
for extracting fingerprint feature data; 

[0019] Fig. 3a is an example view showing eight 
directional masks; 

[0020] Fig. 3b is an example view showing the 
application of directional masks to a fingerprint region; 
[0021] Fig. 4 is a view showing the thinning process; 
[0022] Figs. 5a and 5b are views showing the principle 
for finding minutiae in a thinned image; 

[0023] Fig. 6 is a flowchart of a method for extracting 
fingerprint feature data according to the present 
invention; 

[0024] Fig. 7 is an example view showing a mask for 
extracting ridge orientations of this invention; 

[0025] Fig. 8 is a view showing an ideal ridge model of 
this invention; 

[0026] Fig. 9a is a view showing a fingerprint image 
with damaged parts; 

[0027] Fig. 9b is view showing the image after ridge 
orientation extraction, quality calculation and background 
separation are processed on the fingerprint image of Fig. 
9a of this invention; 

[0028] Fig. 10a is a view showing a fingerprint image 
having a core and a delta; 

[0029] Fig. 10b is a view showing a Poincare index with 
respect to the core and the delta; 

[0030] Fig. 11a is a view showing a fingerprint image 
having a core in a center part; and 

[0031] Fig. lib is a view showing an initial ridge 
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orientation model processed from the fingerprint image of 
Fig. 11a. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0032] Fig. 6 is a flowchart of a method for extracting 
the ridge orientations and core and delta positions of a 
fingerprint in accordance with the present invention. 
Referring to Fig. 6, the method comprises the steps of 
acquiring a fingerprint image (step 51) , extracting ridge 
orientations according to regions (step 52) , calculating 
ridge qualities according to regions and separating 
background region from the fingerprint image (step 53) , 
extracting regions having a core and a delta (step 54) , 
setting an initial ridge orientation model (step 55) , 
calculating a ridge orientation function (step 56) , and 
extracting the ridge orientations and the core and delta 
positions of the fingerprint image (step 57) . 
[0033] At step 51, a fingerprint acquisition device 
scans a fingerprint of a person requiring fingerprint 
recognition, and the acquired fingerprint is converted to 
a digital fingerprint image of predetermined format. 
[0034] At step 52, similarly to a conventional method, 
the fingerprint image is divided into a plurality of 
regions, each with a predetermined size, and ridge 
orientations are calculated at the regions. In other 
words, the entire region of the fingerprint image is 
divided into square blocks, each with a predetermined 
size, and a ridge orientation 0(x,y) is calculated with 
respect to each point P(x,y) in each square block using 
the following Equation [1] . In this case, a orientation 
that the most points in each square block have among all 
orientations is determined as a representative ridge 
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orientation of the block. 
0(jy/)=min l [ £ \Pl-PU] 

L i = -n J 



[1] 



[0035] In Equation (1) , P 0 i is a gray level at a 

position of ( x+dicos0,y+di$iii0) , and G is k~ , where k is 0, 1, 

8 

2, ... , 7 and d is the average distance between a ridge and 
a valley. 

[0036] Fig. 7 is an example view showing a orientation 
mask for extracting ridge orientations and, particularly, 
Fig. 7 shows positions for points P- n to P n with respect to 
G. In Equation [1] , d is a half of an average distance 
between adjacent ridges in order that the periodicity of 
the ridges can be maximally reflected on the calculation 
of the ridge orientation 0(x,y) . Further, the ridge 
orientation can be calculated with respect to some points 
and not all points in the block to improve a calculation 
speed . 

[0037] At step 53, the quality of the fingerprint image 
in each region is determined according as how 
satisfactorily the ridge represents typical ridge 
features, and the each region in image is separated into a 
fingerprint region and a background region according to 
the calculated quality. 

[0038] The typical ridges have a periodicity that there 
is a constant distance between any two adjacent ridges, 
and have constant directionality in a narrow region. 
Therefore, it is assumed that the typical ridges may 
constitute a wave whose section forms a shape of sine wave 
and which is extended in a single orientation, as shown in 
Fig. 8. 

[0039] Fig. 8 is a view showing an ideal ridge model in 
accordance with this invention. According to the 
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assumption, the more a gray level difference (h in Fig. 8) 
between a ridge and a valley is increased, the periodicity 
of the ridges is increased (in other words, the more w of 
Fig . 8 i s s imi lar to the average di s t ance between the 
ridge and the valley) and the directionality of the ridges 
is constant, the higher the ridge qualities according to 
regions are. 

[0040] From the sine wave model shown in Fig. 8, it 

is deduced that the larger a difference between a gray 
level difference in the orientation with a minimum gray 
level difference and a gray level difference in 
orientation with a maximum gray level difference is, the 
better the ridge quality is. In order to evaluate the 
ridge quality, the method of the present invention uses 
the following Equation [2] , 

n-l 

a= Q 



i=-n 



P 6a P 9a 



n-l 

B= Q 



2+1 



[2] 



n-l 



where, 0a = nw & ^\?f -P* +l \ , ^ = max^|pf -pf +l 

level 



i=—n 



i-~n 



is a gray level at a position of 

{x+wicosQ,y+wisinQ) . . . . ^ 

, and w is an average distance between a 

ridge and a valley. In Equation [2] , A is a gray level 

difference in a longitudinal orientation of the ridges (x 

direction of Fig. 8), and B is a gray level difference in 

the lateral orientation of the ridges (y direction of Fig. 

8) . In the case that A is smaller and B is larger, a 

ridge quality at an arbitrary point is higher. Namely, the 

ridge quality at P(x,y) is directly proportional to the 

difference between A and B. The quality of each block is 
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calculated as an average quality of points in the block. 
[0041] Further, a region where A and B have a low 
value, in other words, a region having a ridge quality- 
lower than a predetermined threshold, is classified as a 
background region at step 53 . But , the background regions 
surrounded by foreground (fingerprint) regions are 
classified as fingerprint region. Figs. 9a and 9b show 
that the regions in the right side of the fingerprint 
image shown in Fig. 9a are represented as the background 
region as shown in Fig. 9b. 

[0042] As an example, Fig. 9a is a view showing a 
fingerprint image with damaged parts, and Fig. 9b is view 
showing the image obtained after ridge orientation 
extraction, quality calculation and background separation 
are performed on the fingerprint image of Fig. 9a. 
[0043] Referring to Fig. 9a, a reference numeral 60 
represents some parts with a poor ridge quality in a 
fingerprint region. The parts 60 are portions where the 
fingerprint is damaged, and is not classified as the 
background region but as the fingerprint region as shown 
in Fig. 9b (referring to Fig. 9b, regions indicated with 
the circles of Fig. 9a are processed as fingerprint 
parts) . Here, it is well known in the field that even if 
these parts have a poor quality, the part is processed not 
as a background region, but as a fingerprint region. 
[0044] Referring to Fig. 6 again, at step 54, the 
positions or parts where a core or a delta is positioned 
are determined. 

[0045] Fig. 10a is a view showing a fingerprint image 
having a core and a delta, and Fig. 10b is a view showing 
a Poincare index with respect to the core and the delta. 
Referring to Fig. 10a, the positions of the core and the 
delta can be found using a property that the ridge 
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orientations in a core part C and a delta part D are 
changed in a orientation indicated by the arrows of Fig. 
10a. More specifically, referring to Fig. 10b, the 
positions of the core and the delta can be obtained by 
calculating the Poincare Index (Pi n ) of the following 
Equation [3] with respect to an arbitrary region, by using 
a fact that orientation values in regions having a core 

and a delta are respectively changed by %, and - n . 
Therefore, regions having the core and the delta are 
evaluated. The Poincare Index at a point is a value 
obtained by integrating differences of ridge orientations 
along a boundary of region including the point . 

1 f 2 * d 

s-K) 2k Jo 0 0 

s: a radius of region [3] 

[0046] Equation (3) is used to calculate the Poincare 
Index in the case of a circular region, and may be 
extended to the case of any closed curve as well as a 
circle. Referring to Fig. 10b, it is well known that the 
Poincare Index with respect to the core is a while 
Poincare Index with respect to the delta is Using 
Equation (3) , each point of the fingerprint region is 
found and then the Poincare Index of each point is 
calculated, so existence of the core and the delta and 
their positions can be found. 

[0047] If regions around the core and the delta are 

damaged, in other words, the core and the delta appear in 
the regions with poor qualities, the positions of the core 
and the delta cannot be exactly found by the Poincare 
Index. To solve the problem in this case, the Equation [3] 
is applied by expanding the scope of the regions for 
calculating the Poincare Index. This method is able to 
find regions where the core and the delta are located. 
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(This is due to a fact that the Poincare Index is a 
constant regardless of the scope of the region including 
the core and the delta, as shown in Fig. 10b and Equation 

[3]) . 

[0048] At step 55, the positions of the core and the 

delta are temporarily determined from the positions or 
regions extracted at step 54, and the determined positions 
are set as initial parameters to the core or the delta in 
a ridge orientation model. At the step 55 of setting an 
initial ridge orientation model, the ridge orientation 
model O ra (Z) is set according to following Equation [4] by 
using the property that ridge directions are changed by n 
and -7i in the core and the delta, respectively, 

where gk (0) = c kJ ^^-[C kJ+l -C kJ l 9 x <e<6 M 

A 

L [4] 

[0049] In Equation (4), z is a complex value (x+yi) 

representing a single arbitrary position in a two- 
dimensional region, and z k is a complex value representing 
the position of the core or the delta. Further, 0 o is an 
orientation value when z is infinite, K is the total 
number of cores or deltas, and L is a positive integer'. 
In Equation 4, values for determining the ridge 
orientation model are 0 O/ C k ,i, z k . Here, the 0 o is 0(zero) 
in the initial ridge orientation, and C k ,i is calculated by 
Equation [5] . 



z * is a delta, 
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k is a core, [5] 

[0050] In the above description, K, the total number 

of cores or deltas, contains a core or delta, which does 
not exist in the fingerprint region. The initial position 
of a core or delta existing in the fingerprint region is 
determined as the position, or a single arbitrary point or 
a center in the region temporarily calculated at step 54 . 
[0051] Further, the positions of the core or the 

delta, which does not exist in the fingerprint region, are 
calculated using a fact that only zero, one, or two cores 
and deltas exist in a finger. In addition, considering 
the limited size of a finger, the initial positions of 
core or the delta outside the image (acquired fingerprint 
image) in Equation [6] is set as one point outside the 
image, but not as one point deviating from the restricted 
size of the finger. The temporary positions of the core or 
the delta not existing in the fingerprint are calculated 
using Equations [6] and [7] . In Equation [6] , K and z k 
are the number and the position of the core or delta, 
respectively, as calculated above. 



where z if * 



is a delta, 



* if is a core, --[6] 

[0052] In Equation [6] , z is a complex value of 

(x+yi) representing a single arbitrary position in a two- 
dimensional region, and z k is a complex value representing 
the position of the core or the delta. 

[0053] Further, an error is defined as Equation [7] , 

and the core or delta position having a minimum error is 
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calculated using a steepest descent method. In the 
optimizing process of minimizing the error obtained by- 
Equation [7] , Each of the positions of the core or the 
delta within the fingerprint region (image) and the number 
of the core or the delta is a constant, and only a 
position of the core or the delta outside the fingerprint 
region is determined through the minimum error 
optimization process as a variable. 

<&> = f (0(zyO m ,{z)fdz 

Jr [7] 

[0054] In Equation (7) , R is a region with a quality 

higher than a predetermined threshold. 

z k determined at step 55 are used as initial values 

in the error minimizing process to be executed at 

following step 56. In other words, they are position 

candidates for finding the more exact position of the core 

or the delta at following step 56. 

[0055] Figs. 11a and lib are views showing an example 
of the initial ridge orientation model of this invention. 
A fingerprint image having the core in its center part as 
shown in Fig. 11a is processed as the initial ridge 
orientation model, as shown in Fig. lib. 

[0056] At step 56, a ridge orientation function is 
calculated using Equation [4] , [5] , [8] and parameters in 
Equation [4] is calculated with a minimum error between 
the ridge orientation values of the ridge orientation 
model and regions with qualities higher than a 
predetermined threshold. 

[0057] The detailed description is as follows. The 
ridge orientation function is calculated by using the 
orientation values of regions, which satisfy the condition 
that they are the fingerprint regions and have qualities 
higher than the predetermined threshold at step 53. The 
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parameters in this function are calculated with the 
minimum error between these orientation values and 
orientation values of the ridge orientation model 
(Equation [4] ) . As one method of finding the parameters 
having a minimum error, the error is defined as Equation 
[8] and then the parameters with the minimum error are 
found using a steepest descent method. 

<0 2 > = f (0(z)-O m (Z)) 2 dz 

J* [8] 

[0058] In Equation [8] , R is a region with a quality 

higher than a predetermined threshold. 

[0059] At step 57, the ridge orientation values in 

all regions are calculated using the ridge orientation 
function obtained at step 56, and the final positions of 
the core and delta are determined as the core and delta 
parameters of the ridge orientation function. Further, the 
parameters are stored as feature data of the fingerprint, 
and can be used to classify and match fingerprints. 
[0060] As described above, the present invention 

provides a method for extracting fingerprint feature data 
(ridge orientation, position of core and delta position) , 
which is advantageous in that it can exactly extract the 
feature data of a fingerprint even in regions having a 
rapid variation in a ridge orientation, such as a core and 
a delta, by using a ridge orientation model. Further, the 
method of the present invention is advantageous in that 
even if a region with poor quality such as a cut, scar or 
wrinkle is large, it can exactly calculate the ridge 
orientations at these regions using the remainder of the 
ridge orientations except orientations of these regions. 
Further, the method of this invention may extract the 
exact ridge orientation at any point from ridge 
orientation values calculated according to regions. 
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Moreover, in the method of this invention, the ridge 
orientations at all positions can be calculated from the 
ridge orientation function based on the ridge orientation 
model (Equation [4] ) , such that the ridge orientation 
information of an entire fingerprint image is compactly 
represented as a few parameters forming a ridge 
orientation function. Additionally, the parameters can be 
utilized as the feature data in the process of fingerprint 
classification and fingerprint recognition. 
[0061] Although the preferred embodiments of the 

present invention have been disclosed for illustrative 
purposes, those skilled in the art will appreciate that 
various modifications, additions and substitutions are 
possible, without departing from the scope and spirit of 
the invention as disclosed in the accompanying claims. 
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